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Referee Report for 
“The Spin-Echo Experiments and the Second 
Law of Thermodynamicg” 
I’m not sure I really understand why the authors spend so much time develop. 
ing their technical model of the time evolution of a (continuous) spin system. 
If one understands Liouville’s theorem and the fact that because] of that theo 
rett, Lhe fine-grained entropy of an isolated system remains omnes then one 
understands virtually everything the model demonstrates. It’s wall known that 
mixing leads to coarse-grained equilibrium and that the time reversed evolution 
leads to different results for the fine-grained and the coarse-grained probability 
distributions. 

Also, I don’t understand why the authors think it a virtue of theif model that 
it hay candommess properties no higher up the ergodic hierarchy than mixing 
A result of this, aa they explicitly note, is that “even for macroscdpic quantities 
equilibrium is not being achieved at finite times.” But presumably what one 
would like to have explained is why systems have the finite relaxation times 
that they do. 

There js an important research program which tries to explain) the approach 
to equilibrium and the finite relaxation times without appeal to dxternal inter- 
vention It involves appeal to stronger ergodic properties than mixing and aims 
to show that one can get some sort of decay of “usable” correlations’ from within 
the dynamics if the system is suffcently randomizing. Thus K and Bernoulli 
systems have generating partitions which in effect enable one to individuate tra- 
jectories. Nevertheless these systems are so “randomiging” that thé entire past 
history of the system’s representative point with respect to such trajectory- 
individuating partitions or “coarse-graininga,” is insufficient for determining 
which ‘cell of the partition the point will be found in the next ingtant. (In the 
case of Bernoulli systems this insufficiency amounts to probabillstic indepen- 
deuce. | 

This research program seema like a proposal the authors shptld consider 
before concluding that an interventionist approach is the only way to explain 
the approach to equilibrium of thermodynamic systems. 

Perhaps I’m missing something fundamental in their argument but seems 
to me that the authors’ objections to Sklar’s interpretation of the spin-echo 
results beg a number of questions. They argue that “first stages of the spin- 
echo experiments do not [contrary to Sklar] show the behaviour, we normally 
take durselves to be explaining... .” What statistical mechanics is supposed 
to explain is “true” equilibration and not “apparent” equilibratio)i, 

Here are several questions. First, how do we know that “true”| dquilibration 
is typical of thermodynamic aystemns? Second, why can’t we exp(ct statistical 
mechanics to explain both true and apparent equilibration? But third, and more 
importantly, T don’t follow the authors’ discussion of the “innocen|,” who comes 
upon (he reversed spin system and predicts the wrong results. |The kind of 
thermodynamic behaviour we would like to explain using ee mechanics 
is the behaviour which leads to the usual] situation in which an inndcent observer 
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unaware of the history of the syatem will actually make the right: prediction . . 

It are [sic] these states which can truly be called equilibrium stiates.” (If one 
defines “true” equilibrium as a state in which correlations have disappeared, it 
is no surprise that a situation in which Liouville’s theorem applies is one where 
there sau never be “true” equilibrium.) Furthermore, I don’t seejwhy we can’t 
explain the innocent's surprise by appeal to the simple differenc¢ between the 
spin-echo systems and most others. This difference is just what the authors 
appeu! lo in saying why we are not surprised. We know that tHd system has 
been prepared in a special way. We can manipulate the spin systems in a way 
that, we Cannot manipulate moat other thermodynamic systems. It seerns to me 
thal what needs to be explained here is the “apparent” approach to equilibrium 
in the first stages of the spin-echo experiments, and how the appearance of time 
reversed’ ¢volutjan iy possible for the system in the short run, The explanation 
of tow in the long run the oscillations will damp out yielding a det increase of 
enlropy for the system and the environment (which indicates “true” equilibrium) 
is not, of primary concern in this example. 

Another question: The authors note that in the interventiohist program, 
“the emphasis is shifted from a limited measurement resolution towards mea- 
suretnents which are restricted to limited, interacting systems.” What justifies 
the liraitation on the system here? Why not “expand the systetn” to include 
part of the environment? One would then need to explain the thermodynamic 
behavior of the “isolated” subsystem within this larger system. This is a stan- 
dard cbjection to interventionist proposals. Why isn’t the restriction to “lim- 
ited” systema just as in need of justification as the coarse-graining: approaches’ 
restricion on measurement resolution? As the authors note in theip later discus. 
sion of the Bergmann-Lebowitz model, the analog of the Stosszahlinsatz results 
from the fact that “observations are restricted to the system proper” which is 
assured to be in interaction with its environment, What is the |ndependent 
justification for restricting observations in this manner? ; 

Yer another question: In what sense is author’s “solution” td the problem 
about the interventionist approach to the universe as a whole, distinct from the 
coarse-graining approach that they are attacking throughout the pntire paper? 

Finally, though I’m not convinced that there is much merit in ‘the proposal, 
Prigogine ct al, “A Unified Formulation of Dynamics and Therrnodyanmics,” 
Chemica Scripta, vol. 4, 1973 discuss the spin-echo results from a rather dif 
ferené perspective. In effect they reinterpret entropy so as to take inte account 
the correlations. For them, the usual macroscopic level of descyiption is not 
avfficient. The offer a “solution” to the spin-echo puzzles which is!not interven- 
taonist Perhaps this proposa)] would be worth discussing in the cufrent context. 
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